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Maskers made up of comodulated narrow bands of noise can result in a signal detection advantage
due to both within- and across-channel processes. The purpose of this study was to determine
whether contributions from these processes could be differentiated on the basis of two stimulus
manipulations: 1 onset/offset asynchrony across bands and 2 introduction of a random temporal
fringe surrounding the comodulated bands. The hypothesis was that only masking release due to
across-channel processing would be disrupted by these manipulations. Five-band comodulated
maskers were constructed, and the availability of within- and across-channel cues was varied by
adjusting the frequency spacing of the bands; both logarithmic and linear spacings were tested. The
signal was a 1 kHz pure tone. Onset/offset asynchrony had different effects depending on the
characteristics of the asynchrony. The results were consistent with an interpretation that
across-channel, but not within-channel, masking release was disrupted when the flanking bands
were presented continuously and the on-signal band was gated. However, the results suggested that
both the across-channel and the within-channel masking release were disrupted in conditions where
the on-signal band was continuous and the flanking bands were gated on, as well as in conditions
where a random temporal fringe was present.
© 2009 Acoustical Society of America. DOI: 10.1121/1.3023067
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The detection of a tonal signal masked by a narrow band
of noise centered at the signal frequency can be facilitated by
the presence of additional narrow bands of noise that share
the same fluctuation pattern as the on-signal masking band.
This detection advantage is termed comodulation masking
release CMR, and the measurement technique of employ-
ing a complex of comodulated narrow bands of noise will be
referred to here as the multiband CMR paradigm. The phe-
nomenon of CMR has been used as an exemplar of across-
channel processing in the auditory system, where such pro-
cessing refers to the synthesis of information transduced in
independent peripheral frequency channels. In the case of
multiband CMR, across-channel processing refers to the use
of signal detection cues that derive from the comparison of
concurrent stimulus patterns in spectrally discrete regions
for review, see Verhey et al., 2003; Grose et al., 2005a.
However, as will be expanded on below, it is evident that
within-channel cues can provide some, if not most, of the
detection information under some conditions. Here, the de-
tection cues are derived from information contained within
the output of a single auditory filter. It is therefore important
for the understanding of CMR to be able to distinguish the
contributions of within- and across-channel cues to signal
detection. The purpose of this study is to assess two manipu-
lations that have been purported to assist in this differentia-
tion using the multiband CMR paradigm.
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growing interest in across-channel mechanisms in signal de-
tection Hall et al., 1984, but it was noted early on that
within-channel cues could contribute strongly to the detec-
tion advantage in the multiband CMR paradigm under some
conditions Schooneveldt and Moore, 1987. In their study,
Schooneveldt and Moore 1987 demonstrated that the mag-
nitude of masking release was sensitive to the frequency
proximity of the single comodulated flanking band CFB,
with the largest masking releases occurring for close spacing
of the two bands. It was argued that these local threshold
minima reflected sensitivity to signal-induced disruptions in
temporal beating patterns between the two comodulated
bands; i.e., a within-channel cue. One proposed manifesta-
tion of this cue, among several considered by Schooneveldt
and Moore 1987, was a change in the pattern of phase
locking brought about by the signal dominating the neural
synchrony during the minima of the beating masker. Single-
channel cues for CMR based on temporal envelope interac-
tions have also been proposed by Berg 1996.1 The extent to
which masking release measured with the multiband CMR
paradigm represents an across-channel process, therefore, de-
pends on the spectral relations and levels of the comodu-
lated noise bands.
In many studies, the assumption of across-channel pro-
cessing in CMR is implicit in the selection of the frequency
spacings of the multiple narrow bands of noise making up
the comodulated masker: placement of the individual bands
in putatively independent frequency channels is usually as-
sumed to facilitate primarily across-channel processing.
However, the assumption of channel independence is often
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not systematically tested. One approach to differentiating
within- and across-channel factors is based on the supposi-
tion that facets of auditory grouping and across-channel pro-
cessing are intrinsically linked, whereas this is not the case
for within-channel processing. That is, the perceptual orga-
nization of a complex sound involves in part the extraction
of common features from across the spectrum e.g., common
amplitude modulation, and this extraction constitutes a form
of across-channel processing. The notion of an interdepen-
dency between across-channel processing and auditory
grouping implies that factors resulting in a disruption of au-
ditory grouping have their effect by disrupting across-
channel processing but should have no effect on within-
channel processing. This rationale has been applied in
several contexts where the role of across-channel processing
has been explored by manipulating strength of auditory
grouping through the use of temporal asynchrony. For ex-
ample, the question of whether modulation detection inter-
ference MDI2 results from a perceptual fusion of the modu-
lating probe and the distal interferer has been tested by
introducing gating asynchronies between probe and inter-
ferer to weaken their perceptual fusion Hall and Grose,
1991; Moore and Shailer, 1992; Oxenham and Dau, 2001.
Similarly, gating asynchronies have been used to assess the
contribution of within- and across-channel processing to co-
modulation difference detection CDD3 Moore and Borrill,
2002; Hall et al., 2006.
For multiband CMR, Grose and Hall 1993 showed that
the magnitude of masking release was dependent on the gat-
ing synchrony between the on-signal masking band and the
accompanying CFBs: onset asynchrony across bands el-
evated threshold for detecting the signal despite the fact that
the masker configuration during the listening interval was
unaffected by this manipulation. They interpreted this effect
as being due to a disruption of the perceptual fusion between
the on-signal band OSB and the CFBs, and concluded that
auditory grouping processes are integral to the across-
channel mechanisms underlying CMR. Dau et al. 2005 ex-
tended this result by applying the gating asynchrony manipu-
lation to complexes of comodulated narrow bands of noise
that were specifically selected to be either proximal in fre-
quency increasing availability of within-channel cues or
well separated in frequency decreasing availability of
within-channel cues. In some conditions the on-signal and
flanking masker bands were synchronously gated, and in
other conditions the flanking bands were gated on 100 ms
prior to OSB onset. Results demonstrated that this gating
asynchrony reduced masking release for the widely spaced
complexes but not for the narrowly spaced complexes. This
finding was also interpreted in the context of auditory group-
ing, viz., across-channel mechanisms that contribute to CMR
are integral to auditory grouping processes in perceptual or-
ganization.
Another approach that has been used to shed light on the
nature of multiband CMR involves manipulation of masker
modulation coherence before and after the comodulated lis-
tening interval Mendoza et al., 1998; Grose et al., 2005b.
In this approach, signal detection is measured in a complex
of synchronously gated comodulated bands of noise as a
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the interstimulus and intertrial intervals. When this temporal
fringe consists of noise bands that are in all respects the same
as the comodulated bands, with the exception that their en-
velopes are independent of each other random, masking
release declines relative to that measured in the absence of
the fringe or relative to that measured with a comodulated
fringe. Note that this effect relies on a seamless perceptual
continuity between the fringe and the comodulated interval;
i.e., the transition from fringe to comodulated interval is per-
ceptually transparent Mendoza et al., 1998. One way to
view the effect of the random temporal surround is that, dur-
ing the periods outside of the observation intervals, the un-
correlated envelope fluctuations across the random masker
might closely resemble across-channel difference cues used
to detect the presence of a signal. Because these spurious
signal-like cues occur so frequently in the fringe condition,
the perceptual weight given to such cues could be reduced,
an underweighting that persists into the comodulated obser-
vation intervals. Grose et al. 2005b proposed that this sen-
sitivity to the random temporal surround was a trait of
across-channel CMR and could, in consequence, be used as a
criterion test. In that study, the bands of noise were well
separated in frequency, and so it was implicitly assumed that
the masking release was due to across-channel processing.
However, before it can be concluded that the random tempo-
ral fringe manipulation constitutes a criterion test for across-
channel CMR, it should be demonstrated that this manipula-
tion does not affect within-channel processing. That is, if the
temporal fringe manipulation is a test for across-channel
CMR, then it should have no effect on the masking release
measured using closely spaced noise bands, which presum-
ably results mainly from within-channel processing. This
reasoning is analogous to the logic used by Dau et al. 2005
concerning the role of gating asynchronies and auditory
grouping in CMR.
The purpose of this study was to further test manipula-
tions that differentially affect within- versus across-channel
masking release. Two specific issues were addressed. First,
the effect of a random temporal fringe on within-channel
processing was assessed to determine the validity of the
proposition that this manipulation constitutes a test for
across-channel CMR. The second specific issue is the effect
of gating asynchronies on within-channel processing. As
noted above, Dau et al. 2005 provided an important exten-
sion to the Grose and Hall 1993 study by testing stimulus
configurations designed to accentuate within-channel interac-
tions. However, they tested only conditions where the CFBs
were gated on before, and gated off after, the OSB. Whereas
they found a reduction—but not an elimination—of the
masking release in the across-channel conditions, as did
Grose and Hall 1993, they did not test the inverse condi-
tions where the OSB was gated on before, and gated off
after, the flanking bands.4 This configuration was particularly
informative in the Grose and Hall 1993 study since it
showed a complete elimination of the masking release for
asynchronies greater than about 50 ms. A goal of this experi-
ment, therefore, was to include this configuration in a test of
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gating asynchrony effects across a range of frequency spac-
ings that would encompass both within- and across-channel
processes.
In summary, this study tests the hypothesis that multi-
band CMR sometimes occurs as a result of across-channel
processes, and that these processes are intrinsically linked
with auditory grouping. The hypothesis was tested by assess-
ing the effects of two specific stimulus manipulations on
masking release: 1 onset/offset asynchronies across the
bands making up the comodulated complex and 2 embed-
ding the gated comodulated complex into a random temporal
fringe. Both manipulations were tested using comodulated
complexes where the noise bands were variably spaced in
frequency to preferentially provide either within- or across-
channel cues. Two experiments were undertaken. The first
adopted and extended the approach of Dau et al. 2005
which employed predominantly logarithmic spacing of
masker bands. The second experiment used linear spacing of
masking bands. The investigation of linear spacing was of
interest because within-channel cues in such configurations
are likely to be more salient than in logarithmic spacing, an
issue developed further in the preamble to experiment 2, be-
low.




Observers were five highly practiced normal-hearing
adults two females. All had pure tone thresholds 20 dB
HL at octave frequencies from 250–8000 Hz, and none re-
ported a history of significant ear disease. Ages ranged from
24 to 54 years mean of 38 years.
2. Stimuli
The signal in all conditions was a 1000 Hz pure tone,
280 ms in duration including 40 ms raised-cosine onset/
offset ramps. In all conditions, the signal was masked by a
20 Hz wide band of Gaussian noise centered at 1000 Hz.
This OSB was either presented alone or was accompanied by
four additional 20 Hz wide bands of noise, two centered
above and two centered below the OSB frequency. The
bands were logarithmically spaced. The center frequencies
were 944, 972, 1000, 1029, and 1059 Hz 1 /24th-octave;
794, 891, 1000, 1122, and 1260 Hz 1 /6th-octave; 630, 794,
1000, 1260, and 1587 Hz 1 /3rd-octave; and 250, 500,
1000, 2000, and 4000 Hz 1-octave. These frequency spac-
ings were selected to span the range from wholly subcritical
falling within the bandwidth of a single auditory filter cen-
tered at 1000 Hz to maximal frequency independence each
band falling within the passband of a separate auditory fil-
ter. The 1 /6th-octave spacing and the 1-octave spacing are
the same as those used by Dau et al. 2005 to exemplify
within- and across-channel configurations, respectively. Each
masker band was presented at 60 dB sound pressure level
SPL.
A total of 30 masking conditions were constructed: 6
reference conditions and 24 conditions employing comodu-
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These conditions are summarized in Table I and shown sche-
matically in Fig. 1. The nomenclature for all conditions used
in this study pairs the characteristics of the masker during the
observation intervals the Core with the characteristics of
the masker during the periods outside of the observation in-
tervals the Surround. Thus, each condition is designated by
a Core/Surround label. Two of the reference conditions
consisted of the OSB presented alone. In one Cond 1, it
was gated on in the listening intervals for 280 ms, including
40 ms onset/offset raised-cosine ramps Core=OSB;
Surround=absent masker, or ; i.e., OSB/. The signal,
when it occurred, was therefore gated concurrently with the
masker. The second reference condition Cond 2 consisted
of the OSB presented continuously OSB/OSB. The remain-
ing four reference conditions Conds 3–6 consisted of five-
band maskers presented continuously, where each band was
random with respect to the others RAN/RAN. There was
one RAN/RAN condition for each of the four frequency
spacings 1 /24th-, 1 /6th-, 1 /3rd-, and 1-octave.
The remaining 24 conditions fell into three sets. The first
set consisted of the baseline comodulated conditions Conds
7–10. Here, the five-band comodulated masker complexes
were gated on for 280 ms, including 40 ms onset/offset
raised-cosine ramps, during the listening intervals COM/.
There were four conditions in this set, one for each of the
four frequency spacings. The second set of eight conditions
addressed the factor of onset/offset synchrony across bands.
In four of the conditions Conds 11–14, one for each of the
frequency spacings, the OSB was presented continuously
and the CFBs were gated on during the 280 ms listening
intervals COM/OSB. In the remaining four of the eight
conditions Conds 15–18, the reverse occurred: for each of
the four frequency spacings, the CFBs were presented con-
tinuously and the OSB was gated on during the 280 ms lis-
tening intervals COM/CFB. The third set of conditions ad-
TABLE I. Summary of masker conditions. Core/Surround denotes the char-
acteristics of the masker during the observation interval Core and during
the period outside of the observation intervals Surround. These character-
istics were either absent masker , on-signal band alone OSB, comodu-
lated flanking bands alone CFB, five-band comodulated complex COM,
five-band codeviant complex COD, or five-band random complex RAN.
Where four groups of conditions are indicated in a row, this indicates that
the same Core/Surround was applied for each of the four frequency spacings
1 /24th-, 1 /6th- 1 /3rd-, and 1-octave. The table also indicates the condi-
tion classification.
Cond Core/Surround Classification
1 OSB/ Reference gated OSB
2 OSB/OSB Reference continuous OSB
3-6 Exp 1 RAN/RAN Reference continuous random bands
3–6 Exp 2 RAN/ Reference gated random bands
7–10 COM/ Baseline gated comodulated bands
11–14 COM/OSB Asynchrony continuous OSB
15–18 COM/CFB Asynchrony continuous CFBs
19–22 COM/RAN Fringe random
23–26 COM/COD Fringe codeviant
27–30 COM/COM Fringe comodulateddressed the factor of a temporal fringe and contained 12
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indicaconditions. In 4 of the 12 conditions Conds 19–22, one for
each of the frequency spacings, the five-band comodulated
masker was gated on during the listening intervals, but these
core comodulated intervals were temporally surrounded by a
continuous presentation of five random noise bands that were
in all respects the same as the comodulated bands except that
each band had an independent fluctuation pattern from all
others COM/RAN. The transition from random fringe to
comodulated listening interval was perceptually seamless
and was implemented by overlapping 40 ms gates; i.e., the
fringe was gated off as the comodulated core was gated on to
begin the listening interval, and the random fringe was gated
on as the comodulated core was gated off at the end of the
FIG. 1. Schematic representations of the stimulus conditions. Each panel sh
is denoted by a black trapezoid; identical fill patterns across masker bandsinterval. In the next four conditions Conds 23–26, the tem-
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Here, the four flanking bands were comodulated with respect
to each other, but independently of the OSB. The rationale
for this configuration was that, under conditions where
across-frequency processing facilitated auditory grouping be-
havior, the flanking bands might form a separate auditory
stream from the OSB, thus perceptually isolating the OSB.
Thus, performance in the COM/COD configuration might
show a dependency on frequency spacing that reflected
within- versus across-frequency processing. In the final four
conditions Conds 27–30, the temporal fringe consisted of
five comodulated bands COM/COM. These conditions are
functionally equivalent to the presentation of continuous co-
a Core/Surround configuration for the masker see also Table I. The signal
te comodulation.owsmodulated noise bands because there was no perceptual dis-
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tinction between the comodulated temporal fringe and the
comodulated core. This configuration allowed for a compari-
son between gated and continuous comodulated bands as a
function of frequency spacing. A gated/continuous difference
is characteristic of CMR Hatch et al., 1995.
Maskers were generated in the frequency domain based
on 217 points. When played out at a sampling rate of
12 207 Hz, this resulted in a waveform segment 10.7 s in
duration that repeated seamlessly when played continuously.
The coherence or independence of bands across frequency
was controlled via the assignment of values to the real and
imaginary components in the spectral domain. To generate a
single noise band, those points in the complex spectrum cor-
responding to components within the desired passband were
assigned values drawn from a Gaussian distribution; all other
points were set to zero. To generate comodulated bands, the
same set of random draws was used to define the real and
imaginary components of each of the five bands. To generate
bands with independent envelope fluctuations across bands,
each of the five bands received random values for the real
and imaginary components i.e., independent draws from a
Gaussian distribution for each band. To generate bands for
the codeviant fringe conditions, one set of random draws was
used to define the OSB and a second set of independent
draws was used to define the remaining four flanking
maskers. Two sets of maskers were generated prior to each
threshold estimation track, one set for presentation during the
listening intervals and one set for presentation during the
interstimulus and intertrial intervals. In conditions where no
fringe stimulus was required, the array defining the fringe
masker was filled with zeros. Stimulus output and gating
were controlled by a digital signal processing platform
Tucker-Davis Technologies TDT RP2. The stimulus was
routed through a headphone buffer TDT HB7 and pre-
sented to the left phone of a Sennheiser 265 Linear headset.
3. Procedure
Stimuli were presented in a three-alternative forced-
choice paradigm, with a 280 ms observation interval and a
500 ms interstimulus interval. Each observation interval was
visually marked by a light on a response box. Observers
entered their response after each trial by means of a button
on the response box and correct interval feedback was pro-
vided by means of lights. Signal thresholds were estimated
using a three-down one-up track that converged on the 79%
correct point on the psychometric function. Signal level was
adjusted in steps of 4 dB, reduced to 2 dB after the second
track reversal, and a track continued until eight reversals
were obtained. The threshold estimate for a track was the
mean signal level at the last six reversals. Three threshold
estimates were collected for each condition. If the range of
these estimates exceeded 3 dB, a fourth estimate was col-
lected. The final threshold value for a condition was taken as
the arithmetic mean of the three or four estimates.
B. Results and discussion
The results of the reference and baseline conditions are
shown in Fig. 2. All five observers exhibited similar patterns
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viations are shown. The filled and unfilled squares indicate,
respectively, thresholds in the OSB masker presented alone
in gated OSB/ and continuous OSB/OSB modes. The
unfilled triangles indicate thresholds in the continuous ran-
dom bands RAN/RAN. Filled circles are thresholds for the
gated comodulated bands COM/. Also shown are corre-
sponding data from Dau et al. 2005 for the gated OSB
alone diamond and gated comodulated bands inverted tri-
angles. A preliminary consideration concerns the choice of
reference condition for assessing masking release associated
with the comodulated masker. For the OSB alone, thresholds
were equivalent for the gated and continuous presentation
modes t4=1.589; p=0.19. Masking release referenced to
the gated OSB was assessed by comparing thresholds for the
OSB/ condition and the four COM/ conditions using a
repeated measures analysis of variance ANOVA. The
analysis showed a significant overall effect of condition
F4,16=32.95; p0.001. Simple contrasts indicated that the
masking release was significant for the three wider flanking
band spacings F1,4 ranging from 19.32 to 109.59; p
0.012; no masking release occurred for the narrowest
spacing F1,4=0.08; p=0.80. Masking release referenced to
the continuous random bands was assessed by comparing
thresholds for the RAN/RAN and COM/ conditions.
The repeated measures ANOVA indicated a significant effect
of masker type F1,4=63.825; p0.001, a significant effect
of frequency spacing F1,4=26.523; p0.001, and a signifi-






























FIG. 2. Mean results for reference and baseline conditions from experiment
1. OSB alone thresholds are shown as filled square for gated presentation
i.e., OSB/ and unfilled square for continuous presentation i.e., OSB/
OSB; for comparison, filled diamond is OSB/ from Dau et al. 2005.
Thresholds in continuous random maskers RAN/RAN as a function of
band spacing are shown by open triangles. Thresholds in gated comodulated
maskers COM/ are shown as circles; for comparison, filled inverted tri-
angles are COM/ from Dau et al. 2005. Error bars are 1 standard
deviation.0.001. Analysis of simple effects showed that for each
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frequency spacing thresholds in the comodulated masker
were significantly lower than in the random masker p
0.02. For the three wider frequency spacings 1 /6th-,
1 /3rd-, and 1-octave, therefore, a significant masking re-
lease was observed irrespective of whether the reference was
the OSB alone or the five-band random masker. However, for
the narrowest frequency spacing 1 /24th-octave, a signifi-
cant masking release was observed only when the five-band
random masker was used as the reference. The higher signal
threshold in the five-band random masker spaced at
1 /24th-octave relative to the single-band OSB masker pre-
sumably reflects increased energetic masking. Because of
the precedence of using the OSB as the reference for mask-
ing release in this paradigm Grose and Hall, 1993; Dau
et al., 2005, this reference will also serve as the primary
anchor in this study. However, where the pattern of data
differs depending on which reference is used, consideration
of the five-band random masker will also be included.
One stimulus manipulation designed to reduce the
strength of auditory grouping among the comodulated noise
bands was that of introducing an onset/offset asynchrony
across the bands. The asynchrony was introduced in two
ways: 1 the OSB was presented continuously and the CFBs
were gated on COM/OSB; and 2 the CFBs were pre-
sented continuously and the OSB was gated on COM/CFB.
The results for this pair of conditions are shown in Fig. 3,
Panel A filled symbols. For comparison, reference thresh-
olds and baseline thresholds for synchronously gated co-
modulated bands are replotted from Fig. 2: the OSB/ ref-
erence threshold is shown as a thick horizontal line with the
shaded region indicating 1 standard deviation; the RAN/
RAN reference thresholds are shown as open triangles; the






























FIG. 3. Mean results for asynchrony conditions Panel A and tempo
= COM /OSB; filled triangles= COM /CFB; filled inverted triangles= CO
inverted triangles= COM /COD; filled circles= COM /COM. In each pan
bounded by a 1 standard deviation shaded region, the RAN/RAN refere
1 standard deviation.Relative to the baseline gated masking release conditions,
J. Acoust. Soc. Am., Vol. 125, No. 1, January 2009 Gsignal thresholds appear generally elevated when the OSB is
presented continuously and the flanking bands are gated
COM/OSB, filled squares. This increased masking ap-
pears not only to negate any masking release but to increase
thresholds above reference thresholds for most spacings.
When the flanking bands were presented continuously and
the OSB was gated COM/CFB, filled triangles, thresholds
appear higher than for the baseline masking release condi-
tions in some cases and approach the reference thresholds for
the two widest masker spacings. For comparison, data from
Dau et al. 2005 for COM/CFB are also shown inverted
triangles.
In order to test the significance of these data patterns,
separate repeated measures ANOVAs were undertaken for
each mode of onset asynchrony. For the OSB/ reference
and the asynchrony with the OSB presented continuously
COM/OSB, there was a significant overall effect of condi-
tion F4,16=13.94; p0.001. Post hoc simple contrasts in-
dicated that thresholds in the asynchronous conditions were
elevated relative to that for the OSB alone for all frequency
spacings except the widest 1-octave spacing F1,4
=20.27–36.08; p0.01. A similar pattern was found using
the RAN/RAN reference except that a threshold elevation
was absent also for the narrowest 1 /24th-octave spacing.
The COM/OSB thresholds were significantly higher than
the baseline COM/ thresholds for all spacings F1,4
=11.6–133.4; p0.03.
For the asynchrony conditions with the CFBs presented
continuously COM/CFB, there was a significant overall ef-
fect of condition F4,16=11.47; p0.001 using the OSB/
reference. Posthoc simple contrasts indicated that thresholds
for the narrowest and widest frequency spacings 1 /24th-
and 1-octave did not differ from that for the OSB alone, but








inge conditions Panel B from experiment 1. Panel A: filled squares
FB from Dau et al. 2005. Panel B: filled triangles= COM /RAN; filled
eplotted from Fig. 2, are the OSB/ reference the thick horizontal line






nce thresholds for the 1 /6th- and 1 /3rd-octave spacings did
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F1,4=30.16–9.03; p0.05. Thresholds for the COM/
CFB condition were significantly lower than the RAN/
RAN reference for all frequency spacings. A repeated mea-
sures ANOVA comparing thresholds in the baseline COM
condition to the asynchronous COM/CFB condition indi-
cated a significant effect of masker synchrony F1,4=8.27;
p0.05, a significant effect of frequency spacing F1,4
=29.26; p0.001, and a significant interaction between
these two factors F3,12=11.98; p=0.001. Analysis of
simple effects showed that significant threshold differences
existed only for the two widest spacings F1,4=7.4–36.1; p
0.05. That is, thresholds in the COM/CFB condition
were elevated with respect to the baseline COM/ condi-
tion only for the 1 /3rd- and 1-octave spacings.
In summary, the pattern of results from the asynchrony
manipulation indicates that the effect of onset/offset asyn-
chrony between OSB and CFBs depends in part on the mode
of the asynchrony. When the OSB is presented continuously,
any signal detection advantage associated with the presence
of CFBs during the observation intervals is eliminated, and
in most cases thresholds are elevated relative to the reference
OSB/ condition. When the CFBs are presented continu-
ously, the signal detection advantage is reduced only for the
wider spacings.
The other stimulus manipulation designed to disrupt use
of across-channel cues was that of embedding the gated co-
modulated complex into a random temporal fringe COM/
RAN. In this condition, each of the five bands making up
the temporal fringe had an envelope that was independent of
that of the others; the results of this condition are shown in
Fig. 3, panel B filled upward triangles. As a comparison to
the random temporal fringe, two other temporal fringe con-
ditions were also examined. In one, the outer four bands
flanking bands of the fringe were comodulated with respect
to each other, but independently of the envelope pattern of
the band centered at the signal frequency COM/COD, in-
verted triangles. The purpose of this condition was to create
a temporal fringe where, in the context of auditory grouping
mechanisms, the OSB might be perceptually segregated from
the accompanying noise bands. In the other fringe condition,
all five bands remained comodulated, and this condition
amounted to a continuous presentation of comodulated noise
bands COM/COM, filled circles. The purpose of this con-
dition was to determine the extent to which gated/continuous
differences existed for comodulated complexes over the
range of frequency spacings tested. It is apparent that signal
thresholds in both the random and codeviant fringe condi-
tions were similar to those for the reference OSB/ condi-
tion, indicating little or no masking release. For the continu-
ous comodulated conditions, thresholds were further reduced
for the three wider spacings, such that the masking release
for continuous comodulated noise exceeded that for baseline
gated comodulated noise.
To test the significance of these patterns, separate re-
peated measures ANOVAs were undertaken for each fringe
condition. Using the OSB/ reference, results for the
random temporal fringe COM/RAN indicated an overall
effect of condition F4,16=21.53; p0.001, and post hoc
simple contrasts indicated that signal threshold in the random
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quency spacings except the 1 /3rd-octave spacing F1,4
=11.33–43.67, p0.05. Note that signal threshold was el-
evated relative to the OSB reference for the 1 /24th-octave
spacing and lower than this reference for the 1 /6th- and
1-octave spacings. Relative to the RAN/RAN reference, the
COM/RAN thresholds were significantly lower for all but
the narrowest frequency spacing. Results for the codeviant
temporal fringe COM/COD relative to the OSB/ refer-
ence indicated a significant overall effect of condition
F4,16=6.03; p0.005, and post hoc simple contrasts indi-
cated that only the signal threshold for the narrowest spacing
1 /24th-octave was different from reference F1,4=9.61; p
0.05. Again, this difference reflected an elevation in sig-
nal threshold above reference. The COM/COD thresholds
did not differ significantly from the RAN/RAN reference
thresholds for any frequency spacing. Results for the co-
modulated temporal fringe COM/COM relative to the
OSB/ reference indicated a significant overall effect of
condition F4,16=91.09; p0.001, and post hoc simple con-
trasts indicated that signal threshold was lower than that for
the OSB reference for all frequency spacings F1,4
=34.72–199.93, p0.005. The COM/COM thresholds
were also significantly lower than the RAN/RAN reference
thresholds for all frequency spacings. An ANOVA comparing
thresholds in the gated comodulated maskers COM/ with
those in the continuous gated maskers COM/COM indi-
cated that thresholds were lower in the continuous mode of
presentation for the 1 /6th- and 1 /3rd-octave spacing F1,4
=12.37 and 32.81, respectively; p0.03; the additional
masking release failed to reach significance for the
1 /24th-octave spacing p=0.28 and the 1-octave spacing
p=0.07.
In summary, this pattern of results indicates that a tem-
poral fringe that does not consist of the same comodulated
noise bands as the gated intervals generally eliminates any
masking release associated with the gated comodulated
bands. When the temporal fringe consists of the same co-
modulated bands as the gated intervals i.e., continuous co-
modulation, the masking release tends to increase for all but
the narrowest spectral spacing.
The purpose of this experiment was to determine
whether the factors of temporal asynchrony and the presence
of a noncomodulated temporal fringe differentially affect
multiband masking release depending on whether the fre-
quency spacing of the multiple bands provides predomi-
nantly within-channel or across-channel cues. Relative to the
OSB/ reference, significant masking release was found
with synchronously gated comodulated maskers for the
1 /6th-, 1 /3rd-, and 1-octave frequency spacings. A temporal
asynchrony wherein the CFBs were presented continuously
and the OSB was gated on largely eliminated the masking
release for the wider spacings but had minimal effect for the
1 /6th-octave spacing. This result is consistent with Dau
et al. 2005. For the other mode of temporal asynchrony,
wherein the OSB was presented continuously and the flank-
ing bands were gated on, an elevation in threshold above that
for the OSB reference occurred for all frequency spacings—
even the 1 /24th-octave spacing where no baseline masking
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ndardrelease was observed. The baseline masking release—
including that for the 1 /6th-octave spacing—was also
largely, or completely, eliminated by the presence of a ran-
dom or codeviant temporal fringe. A comodulated fringe
generally served to increase the magnitude of masking re-
lease when it was present in the baseline conditions. For the
RAN/RAN reference, where a masking release is now
observed for the narrowest 1 /24th-octave spacing, a broadly
similar picture emerges of the effects of temporal
asynchrony/fringe as a function of frequency spacing.
Before considering the implications of these findings for
the hypothesis being tested in detail, it is prudent to note a
limitation in the stimulus configurations used in experiment
1. As in Dau et al. 2005, the frequency spacings were de-
fined on a log scale. Whereas this allowed an adjustment in
frequency proximity that was approximately uniform in co-
chlear space, it did not result in configurations that accentu-
ated the cues thought to be important for within-channel pro-
cessing. As noted in the Introduction, a primary cue for the
presence of a signal in a complex of closely spaced comodu-
lated bands is thought to be its disruption of the inherent
beating pattern between bands Schooneveldt and Moore,
1987. If so, then the use of logarithmic spacing is not favor-
able to this cue since the beat frequencies are not uniform
across bands. Instead, linear spacings would be more condu-
cive to the generation of a signal-induced, beat-disruption
cue since the pattern of component interactions between
neighboring bands are uniform across bands. A companion
experiment was therefore undertaken that employed linear
spacings of comodulated bands. Its purpose was to improve
the cues thought to result in masking release for proximal
frequency spacings in order to further clarify the effects of
temporal asynchrony and random temporal fringe on within-
channel processing of comodulated bands. It was anticipated
that a comparison of the results of the two experiments



























FIG. 4. Mean results from experiment 2. Panel A shows results from the b
squares for gated presentation i.e., OSB/ and unfilled squares for conti
RAN/RAN as a function of band spacing are shown by triangles. Threshol
results from the asynchrony conditions, and panel C shows results from
triangles= COM /CFB. Panel C: filled triangles= COM /RAN; filled inver
ted from panel A, are the OSB/ reference the thick horizontal line bound
triangles, and the COM/OSB baseline open circles. Error bars are 1 stachannel processing in CMR, and address more fully the hy-
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temporal fringe undermine masking release associated with
across-channel processes but not within-channel processes.
III. EXPERIMENT 2. MULTIBAND CMR FOR LINEAR
SPACING
A. Method
The stimulus parameters and procedure were the same
as experiment 1 except that the frequency spacings of the
five-band maskers were linear rather than logarithmic. In ad-
dition, the random reference condition was gated RAN/
instead of continuous RAN/RAN.5 The frequency spacings
were 30, 120, and 240 Hz, resulting in center frequencies,
respectively, of 940, 970, 1000, 1030, and 1060 Hz; 760,
880, 1000, 1120, and 1240 Hz; and 520, 760, 1000, 1240,
and 1480 Hz. These separations were selected to be globally
similar to the 1 /24th-, 1 /6th- and 1 /3rd-octave spacings of
experiment 1. The same observers participated as in experi-
ment 1.
B. Results and discussion
The results of experiment 2 are shown in Fig. 4, follow-
ing the same labeling conventions as Figs. 2 and 3. In panel
A, it can be seen that signal thresholds did not differ between
the gated OSB/ and continuous OSB/OSB references
t4=1.49; p=0.19. It can also be seen that thresholds in the
baseline gated comodulated conditions COM/ were re-
duced relative to either the OSB alone reference or the ran-
dom band reference RAN/; i.e., a masking release oc-
curred for all frequency spacings. This was confirmed with
repeated measures ANOVAs which indicated that thresholds
in the comodulated maskers were each lower than either the
OSB/ reference F1,4=28.63–147.87; p0.01 or the
RAN/ reference F1,4=101.1; p0.001.





e gated comodulated conditions. OSB alone thresholds are shown as filled
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gated comodulated maskers COM/ are shown as circles. Panel B shows
temporal fringe conditions. Panel B: filled squares= COM /OSB; filled
iangles= COM /COD; filled circles= COM /COM. In each panel, replot-








ed bFig. 4. When the OSB was presented continuously and the
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flanking bands were gated on during the listening intervals
COM/OSB, filled squares, thresholds were comparable
to, or higher than, the OSB/ reference threshold. When
the flanking bands were presented continuously and the OSB
was gated COM/CFB, filled triangles, thresholds were not
changed for the two narrowest spacings 30 and 120 Hz, but
rose to the reference levels for the widest spacing 240 Hz.
This pattern was confirmed with repeated measures
ANOVAs. For the COM/OSB asynchrony relative to the
OSB/ reference, there was a significant effect of condi-
tion F3,12=13.21; p0.001. Post hoc contrasts indicated
that thresholds did not differ from the reference threshold for
the 30 and 120 Hz spacings F1,4=2.22 and 2.41; p0.20
but did differ significantly for the 240 Hz spacing F1,4
=200.05; p0.001. Relative to the RAN/ reference,
there was a significant interaction between the COM/OSB
and RAN/ conditions as a function of frequency spacing
F2,8=11.27; p0.005; analysis of simple effects indicated
that thresholds for the asynchronous masker were lower for
the 30 Hz spacing and higher for the 240 Hz spacing F1,4
=14.6 and 23.6, respectively; p0.02, but did not differ for
the 120 Hz spacing. For the COM/CFB asynchrony refer-
enced to OSB/ thresholds, there was a significant effect
of condition F3,12=30.53; p0.001. Post hoc contrasts
showed that thresholds were significantly lower than the ref-
erence threshold for the two narrowest spacings F1,4
=66.41 and 58.28; p0.01 but not for the 240 Hz spacing
F1,4=0.01; p=0.94. Relative to the RAN/ reference,
there was a significant interaction between the COM/CFB
and RAN/ conditions as a function of frequency spacing
F2,8=21.71; p0.001; analysis of simple effects indicated
that thresholds were lower for the 30 Hz spacing and the
120 Hz spacing F1,4=75.81 and 101.77, respectively; p
0.001, but not for the 240 Hz spacing.
The effect of temporal fringe is shown in panel C of Fig.
4. For the random temporal fringe COM/RAN, upward
triangles, thresholds approach the reference thresholds, al-
though some masking release appears to remain. For the
codeviant fringe COM/COD, inverted triangles, thresh-
olds largely coincide with the reference thresholds. For the
comodulated fringe COM/COM, filled circles, thresholds
are further reduced relative to baseline. The relatively large
standard deviations associated with the data for 30 Hz spac-
ing of the random and codeviant fringe conditions should be
kept in mind when considering the data analysis. Individual
differences were striking for these conditions and, to high-
light this, the individual results are shown in Fig. 5. It can be
seen that, for three of the five observers, the random and
deviant temporal fringe manipulations resulted in elevated
thresholds relative to the baseline gated comodulated condi-
tion. However, for the remaining two listeners, the fringe
manipulations had little effect. This degree of individual
variability in the effect of the temporal fringe for the narrow-
est 30 Hz spacing suggests that the threshold elevation—
when it is observed—is not due to factors associated with
energetic masking.
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The stimulus conditions of experiments 1 and 2 were
designed to provide thresholds under comparable conditions
for logarithmic and linear masker spacing. The motivation
for experiment 2 was to augment the within-channel beating
cue by using linear, rather than logarithmic, spacing. The
30 Hz linear spacing resulted in center frequencies that were
similar to those for the 1 /24th-octave spacing of experiment
1; whereas no masking release was observed for the log
spacing, a 6.7 dB masking release was observed for the lin-
ear spacing. This suggests that linear spacing provides a
stronger within-channel beating cue than logarithmic spacing
does. This conclusion is supported by thresholds obtained at
the next wider spacing in both experiments, which were also
thought to provide robust within-channel cues. Whereas the
1 /6th-octave spacing of experiment 1 led to about a 6.5 dB
masking release, the 120 Hz linear spacing of experiment 2
resulted in a masking release of about 10.5 dB. In contrast,
the 1 /3rd-octave spacing of experiment 1 and the 240 Hz
spacing of experiment 2 both gave similar magnitudes of
masking release 6.7 and 7.0 dB, respectively. These two
spacings had similar spectral distributions, and both were
expected to provide primarily across-channel cues. The simi-
lar masking releases for these linear and logarithmic spacings
suggest that the detection cue here was not associated with a
disruption of beat patterns due to the addition of a signal
tone.
A final piece of evidence which supports the use of a
beating cue in configurations where the frequency spacing is
both narrow and linear comes from a supplementary condi-
tion that used a modified OSB. Recall that the CFBs were
constructed by assigning to their real and imaginary compo-
nents the same values as assigned to the corresponding com-
ponents in the OSB. As a result of this, the beating patterns
between the components of any neighboring linearly spaced
bands were identical. In the supplemental condition, the OSB
was modified such that its spectral profile was changed yet
its envelope remained comodulated with that of the flanking























FIG. 5. Individual data for the 30 Hz spacing of experiment 2. Thresholds
are shown for the baseline masking release condition, the random temporal
fringe, and the codeviant temporal fringe.was modified by multiplying the phase values by −1 and
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reversing the assignment of both magnitude and phase values
as a function of component number see Richards, 1988.
Despite the maintenance of comodulation, the beating pat-
terns between the OSB components and those of neighboring
comodulated bands were now different from those between
the components of the flanking bands themselves. The aim of
this manipulation was to undermine the strength of the cue
wherein the signal disrupts the uniform beating pattern of the
comodulated masker complex. The modified masker was
presented in continuous mode, and therefore the appropriate
comparison is to the original comodulated complex also pre-
sented continuously i.e., COM/COM. The average signal
threshold masked by the original comodulated complex was
49.9 dB SPL, whereas the average threshold for the comodu-
lated complex with the “mirror image” OSB was 58.4 dB
SPL. This 8.5 dB threshold elevation when the beating cue
was diminished provides further support for the contention
that the linear spacings of experiment 2 facilitated the use of
a beating disruption cue for signal detection under conditions
of proximal spacing. In summary, the aim of accentuating the
availability of temporal beating cues by using linear spacing
in experiment 2 appears to have been successful.
The greater salience of within-channel processing cues
in experiment 2 contributes to the interpretation of the com-
parative data patterns across the two experiments. For the
four spectral spacings of experiments 1 and 2 where pre-
dominantly within-channel processing was expected
1 /24th-octave, 1 /6th-octave, 30 Hz, 120 Hz, a temporal
asynchrony wherein the flanking bands were presented con-
tinuously and the OSB was gated had minimal effect on sig-
nal threshold. In contrast, for the spacings conducive to
across-channel processing in the two experiments
1 /3rd-octave, 1-octave, 240 Hz, this type of temporal asyn-
chrony largely eliminated any masking release. Taken to-
gether, this pattern of results is consistent with the contention
that within-channel processing is not sensitive to asynchrony
among comodulated noise bands, whereas across-channel
processing is. This, in turn, supports the hypothesis that
across-channel contributions to auditory grouping can be dis-
rupted by onset asynchrony.
However, the association between the onset asynchrony
effect and a reliance on across-channel cues is not supported
by results obtained with the alternative type of onset asyn-
chrony, wherein the OSB was presented continuously and the
flanking bands were gated. Here, irrespective of frequency
spacing, thresholds were elevated to levels as high as, or
higher than, the reference threshold. The elevation of thresh-
old above the OSB reference threshold has been observed in
previous work testing both adults Grose and Hall, 1993 and
children Hall et al., 1997 but is not uniformly found Grose
and Hall, 1996. It should be noted that in all these previous
studies the signal onset was delayed relative to the masker
onset by 100–200 ms; here, the signal onset was synchro-
nous with the gated masker onset. As such, the increased
masking bears some resemblance to the “transient masking”
associated with the onset of a remote masker as measured by
Bacon and Moore 1987, although that study pertained
mainly to brief signals/maskers. One ramification of this re-
semblance to transient masking is that it suggests that the
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might not be restricted to CFBs; that is, similar threshold
elevations might be observed with gated random flanking
bands. However, this condition RAN/OSB was not tested
in this study. The observation that the elevation of threshold
above the reference threshold tended to be largest for the
1 /3rd-octave logarithmic and 240 Hz linear spacings
might suggest that some form of across-channel masking
contributes to the effect.
The temporal fringe manipulation had a generally uni-
form effect across the two experiments. When the fringe con-
sisted of a set of random noise bands, or a set of CFBs plus
an OSB with an independent fluctuation pattern codeviant,
masking release was largely eliminated irrespective of the
frequency spacing of the noise bands. This general result
runs counter to the suggestion that the disruptive effects of a
noncomodulated temporal fringe are specific to across-
channel cues and should therefore not affect signal threshold
in cases where performance is based on within-channel cues.
Note again that for the linear spacing of bands there were
large individual differences at the narrowest spacing of the
noncomodulated fringe, with two of the five observers being
minimally affected by the fringe.
In order to gain insight into the overall pattern of results,
it is useful to focus separately on possible within-channel
and across-channel contributions to that pattern. Beginning
first with within-channel contributions, recall that one hy-
pothesis was that masking release related to within-channel
cues would not be reduced by either the random temporal
fringe or by onset asynchrony. The results of the narrow
frequency spacing conditions were not entirely consistent
with this hypothesis. Whereas the hypothesis was supported
for the asynchrony condition where the flanking bands were
continuous, it was not supported for the asynchrony condi-
tion where the OSB was continuous, nor for the condition
where there was a random temporal fringe. We will briefly
consider a possible account for the pattern of results obtained
for the narrow spacing conditions, where performance is
probably related to the processing of a within-channel cue. In
this account, it is assumed that the listener monitors the regu-
lar beating pattern arising from the interaction among co-
modulated bands and bases detection on the change in beat-
ing pattern that occurs when the signal is added. In the
asynchrony case where the CFBs are present continuously,
the listener can monitor the pattern of the interactions among
the CFBs, a pattern that is regular during both the no-signal
intervals and the interstimulus intervals. This is consistent
with the finding that performance was relatively good in the
condition where the flanking bands were presented continu-
ously and the OSB was gated on. Use of a beating cue is also
consistent with the relatively poor performance in the asyn-
chrony condition where the OSB was presented continu-
ously, in that the stimulus surrounding the listening intervals
contained no regular beating pattern due to the fact that a
single noise band was present. The different effects of onset
asynchrony as a function of masker spacing observed here
could depend on the number of flanking bands. For example,
if there were only two noise bands, one centered on the sig-
nal and one flanking band, then the different effects of gating
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mode would not be expected to occur because beating be-
tween comodulated bands would not occur either for a con-
tinuous flanking band or a continuous OSB.
Use of a cue based on envelope beats is also consistent
with the finding that performance with narrow frequency
spacing was poor for the case where the fringe consisted of
either random bands or CFBs plus an OSB with an indepen-
dent fluctuation pattern codeviant. In the case of the ran-
dom fringe, the stimulus surrounding the listening intervals
contained no consistent beating pattern due to the fact that
the flanking bands had random envelopes. In the codeviant
fringe condition, the OSB would diminish the regularity of
the beating cue even in the absence of a pure tone signal. In
both cases, stimulus features outside the listening interval
fail to form a stream of consistent envelope beats.
Note that in the above accounts, it is assumed that the
listener cannot simply base detection on the information
within the observation intervals where all bands are co-
modulated, due to some sort of “carry over” effect wherein
the pattern of energy surrounding the listening intervals pre-
vents the listener from optimally processing the beating pat-
tern within the listening interval. Moreover, a listener’s sus-
ceptibility to this carry over varies markedly as demonstrated
by the extensive individual variability seen for the narrow
30 Hz linear spacing see Fig. 5. One of the observers who
was unaffected by the random and codeviant fringes in this
configuration reported that the detection cue for the signal
was a disruption in the regularity of the beat percept during
the comodulated core interval, and that this cue remained
salient even in the presence of a noncomodulated temporal
fringe.
Turning now to across-channel contributions to the over-
all pattern of results, recall that part of the motivation for this
study was based on the idea that auditory grouping is a pre-
condition to across-channel CMR, and that the effects of
onset asynchrony would be relatively great for masking re-
lease based on across-channel analysis. In contrast, the pres-
ence of random bands surrounding the observation intervals
was thought to disrupt the listener’s ability to make use of
coherent modulation during the observation intervals inde-
pendent of grouping. For the wider masker spacings, all ma-
nipulations tested elevated thresholds except for the con-
tinuous comodulated condition. This effect could be due to
reduced grouping strength in the case of onset asynchrony
and some other factors in the temporal fringe conditions.
However, these effects could also be attributed to some other
common factor. One possibility is the regularity of spec-
trotemporal coherence. Here, the cue in across-channel CMR
is characterized as a discontinuity in the dynamic spectrum
of the stimulus. Addition of a pure tone signal can result in a
spectral peak at the signal frequency when energy at other
frequencies is at a modulation minimum, a cue that could be
the basis of a detection process sometimes referred to as
listening in the dips. It is possible that such an across-
channel cue can be disrupted by spectrotemporal irregulari-
ties that occur outside the observation intervals. For ex-
ample, random bands surrounding the observation intervals
expose the listener to a variable spectrum, where peaks in the
spectrum are associated with different frequency regions as a
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stability, of a no-signal template in this case a flat spectrum
that coherently fluctuates in level as a function of time.
Similarly, asynchronous gating introduces radical changes in
the spectrum of the masker that could interfere with cues
based on more subtle spectral cues associated with addition
of a pure tone signal.
The importance of spectrotemporal coherence for the
use of an across-channel cue and the importance of envelope
beat regularity as a function of time for the use of within-
channel cues could be described in similar terms. Whereas
spectrotemporal coherence may facilitate detection of a
change in the spectrum, consistency of envelope statistics in
a single auditory channel output could facilitate detection of
a change in that temporal pattern. Features of a random
stimulus surrounding the observation intervals, such as re-
duced modulation depth within-channel or spectral vari-
ability across-channel, could resemble the stimulus features
associated with addition of a pure tone signal. Asynchronous
gating across bands could likewise interfere with formation
of a no-signal baseline against which to compare the obser-
vation interval. It is therefore possible that performance
based on either within- or across-channel cues is disrupted
by manipulation of the spectrotemporal coherence of the
stimulus surrounding the observation intervals for rather
similar reasons.
The implication of these results for previous studies de-
serves comment. Dau et al. 2005 manipulated temporal
asynchrony to differentiate within- and across-channel con-
tributions to CMR. They hypothesized that the use of across-
channel cues contributing to masking release for comodu-
lated noise would be affected by across-frequency grouping
mechanisms, but that within-channel mechanisms would not.
In their experiment, they used onset asynchrony wherein the
flanking bands were gated on before, and gated off after, the
OSBs. The CMR declined under conditions of temporal
asynchrony only for stimulus complexes made up of widely
spaced noise bands, a result that supported the hypothesis.
The results of the present investigation replicate this result,
but indicate that support for the hypothesis should be tem-
pered in light of the results obtained with the other mode of
onset asynchrony. Using similar reasoning as Dau et al.
2005, Grose et al. 2005b incorporated the manipulation
of a random temporal fringe as a test for across-channel pro-
cessing in CMR. They proposed that the presence of a ran-
dom temporal fringe should reduce the likelihood of using
available across-channel cues and should therefore diminish
across-channel CMR. The results of the present investigation
caution that sensitivity of signal threshold to this manipula-
tion is not a specific indicator of across-channel processing,
since a disruption to masking release due to within-channel
processing also results from the presence of a noncomodu-
lated temporal fringe.
V. SUMMARY AND CONCLUSIONS
The purpose of this investigation was to determine
whether within- and across-channel contributions to masking
release in the multiband CMR paradigm could be differenti-
ated via manipulations of the stimulus characteristics in the
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interstimulus interval. Two stimulus manipulations were ex-
amined: 1 onset asynchrony between the OSB and the
CFBs, and 2 the presence of a random temporal fringe
surrounding the core comodulated bands. The availability of
within- and across-channel cues was manipulated by varying
the frequency spacing of the narrow bands of noise making
up the comodulated complex. Both logarithmic and linear
spacings were employed. It was hypothesized that the two
stimulus manipulations would disrupt masking release due to
across-channel cues but not masking release due to within-
channel cues.
The overall pattern of results did not wholly support the
hypothesis. When the OSB was gated on during the observa-
tion intervals and the CFBs were presented continuously the
results were compatible with the hypothesis: masking release
was not affected for stimuli providing robust within-channel
cues, but it was disrupted for stimuli providing robust across-
channel cues. However, presenting the OSB continuously
and gating the flanking bands elevated thresholds, irrespec-
tive of frequency spacing. The second stimulus manipulation
random temporal fringe also generated results that did not
support the hypothesis: masking release was largely elimi-
nated by the presence of a random temporal fringe irrespec-
tive of the frequency spacing of the noise bands making up
the masking complex.
In conclusion, this investigation has demonstrated that a
detection advantage for a tone masked by a complex of co-
modulated narrow bands of noise can be observed under con-
ditions of predominantly within- or cross-channel process-
ing. Identifying the mechanisms underlying the masking
release remains a challenge. Manipulation of stimulus fea-
tures in the interstimulus interval that were previously
thought to disrupt only across-channel processes has been
shown to also disrupt within-channel processes under some
conditions.
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1For the band-widening method of measuring CMR, Verhey et al. 1999
showed that within-channel cues can provide the predominant cues for
signal detection.
2MDI refers to the phenomenon wherein detection of modulation carried by
one tone is disrupted by the presence of a spectrally remote tone that is
modulated at a suprathreshold level Yost and Sheft, 1989.
3CDD refers to the phenomenon wherein detection threshold for a narrow
band of noise is typically higher in the presence of a complex of comodu-
lated narrow bands of noise than a complex of noise bands that do not
share the same fluctuation pattern as the target band Cohen and Schubert,
1987; McFadden, 1987.
4Although Dau et al. 2005 did not test conditions where the OSB was
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